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During the last few years of teaching the subject of Graphic Engineering, traditional teaching methods have been used

based on lectures and solving any problems as they arose. In the opinion of the authors, this gave a rather

compartmentalised overview of engineering design. Students were assessed solely by a final exam, the final mark only

being slightly influenced by the exercises set throughout the course. Being aware of this deficiency and motivated by the

large number of graduates absorbed by the industrial engineering sector, two different experiences were developed built

around project-based learning (PBL). It was intended to introduce a consolidatedmethod that would bring students closer

to an environment that simulated the actual working conditions in the field of engineering design. This paper describes the

evolution of the methodology proposed by the authors and the results achieved. The aim of the authors is not simply to

establish a methodology that will serve as an integrative component between the different degrees but as a methodology

that will forge cross-links between degree subjects and enable students to develop their work more fully and endow their

vocational training with a wider scope.

Keywords: project-based learning (PBL); cooperative learning; collaborative learning; engineering design

1. Introduction

Companies not only require new technical school

graduates to be qualified professionals with a solid

technical background but also require these profes-
sionals to possess a set of aptitudes called generic

skills. Teamwork, communication skills, leadership

and critical thinking [1, 2] are all very positively

evaluated by hiring officers. Nonetheless, various

studies [3, 4] have brought to lightmajor deficiencies

in these aptitudes in the general context of university

students.

The changes currently taking place in European
university teaching to adapt to theEuropeanHigher

Education Area (EHEA) are promoting a move-

ment for the implementation of different techniques

for transmitting knowledge, a movement to open

the way to other more active methods where stu-

dents can construct their own knowledge, in the

hope that the learning process will be more mean-

ingful and long-lasting.
This change of perspective in the profile of the

future professional expert means changes need to be

made to the way teaching methodologies have

traditionally been conceived by supplementing

them with more active techniques that will enhance

and boost the procedure of transmitting knowledge

and skills. In this respect, the Bologna Declaration

[5] is very much in favour and puts forward and
fosters this change of conception.

Achieving these goals is one of the main chal-

lenges faced by teachers who are committed to

educational innovation where the learning becomes

student-centered instead of teacher-centered [6, 7].

One of the methods that encourages and motivates
students taking technology subjects to take an

active role is project-based learning (PBL) [2, 8, 9].

PBL consists in supplementing the traditional

teaching system with another of a collaborative

nature where knowledge is acquired through more

active student participation by involving the student

in tasks that come close to actual vocational devel-

opment, not only from the job point of view but also
mainly from the point of view of the work environ-

ment.

Regarding the teaching of certain subjects, parti-

cularly those with a greater technological content,

PBL has proved to be a highly versatile tool for the

teacher as it fosters different skills, both general and

specific. In engineering design [10], taking this in its

widest sense, the project-based method leads to
clear improvements in student training [11, 12, 13].

More specifically and as part of this method, coop-

erative work has proved to be an essential pillar that

has a high educational potential [14].

As for generic skills, the Tuning Project [1, 15]

brings out the major ones. Along these lines, it

demonstrates the effectiveness of doing projects

and embarking on them collaboratively to promote
the development of some of the most important
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skills, such as teamwork, organisation, leadership

and the presentation of ideas, [16, 17].

2. Background

The subject of Graphic Engineering1 (6 ECTS

credits), taught on the last course of Universidad

Politécnica deMadrid degree in Aeronautical Engi-

neering integrates the different concepts relative to

engineering design studied throughout the course. It

integrates both participation in projects and graphic
representation for the preparation of technical doc-

umentation.

Interpreting, creating and managing technical

papers for conceptual, preliminary and detailed

design are approached in the subject with a strong

cross-linking to the other subjects of the course.

These aspects endow the subject with a markedly

practical focus.
In the preceding courses, student assessment

centred on two aspects: individual work structured

into practical classes plus a final exam. Having

observed certain deficiencies in this model, the

authors have sought a change oriented towards

replacing the teaching methodology used up to

then by another based on PBL that would simulate

the actual job situation in aeronautical sector com-
panies. The change undertaken is oriented towards

amore active, applied and global form of approach-

ing the subject.

The decision to apply the change to PBL-based

training firstly had to be validated. Although the

experiences examined referring to the success of

PBL teaching were encouraging [9, 14, 15] a major

factor in every one was a small number of students,
which collided head on with the number of students

registered in Graphic Engineering, which was

around 200.

The authors considered themost sensible method

was to divide the experience into two consecutive

academic years.

In the first year the experience would not involve

the whole group of students enrolled in Graphic
Engineering. Only voluntary students participated

in the experience and neither criterion was used for

selecting them. But it would involve a sufficiently

significant number so as not to condition the

experience, while considering the remaining stu-

dents as a control and validation group.

In the second year, and taking account of the

previous results, the experience would be applicable
to the whole group, thereby incorporating the

student numbers factor to the experience and ana-

lysing any possible repercussions, either on the

experience or on the results. We will now develop

and analyse the two experiences approached.

3. First experience

3.1 Approach

The first experience was approached from an entre-

preneurial perspective where the work reality of the

aeronautical companies’ department responsible

for design work was simulated. Training was set

up for two companies, each organised into three

design departments. The overall purpose was to

develop three aeronautical design projects that

shared common ground. This generated different
kinds of inter-relationships and a global view of the

experience [12].

Three design tasks were chosen (called business

lines) which, because of their nature, could be

developed with between 40% and 50% of the work

being in common. The work not only had to meet

the above condition but also had to have a suffi-

ciently attractive aeronautical leaning for it to be a
motivating tool for students.

The three chosen business lines were on a trike

model, three different configurations of anultralight

aircraft that had to be designed: paraglider, hang-

glider and autogyro.

Due to the fact that the shared part of the three

business lines did not ensure an inter-relationship

among all the students of the business group, three
departments attached to each business were set up,

whose mission was to participate directly in all the

business lines. The tasks assigned to each depart-

ment corresponded to the practical parts of each

topic in the subject.

The company structurewas planned for groups of

18 students, that is to say, six students per depart-

ment and six students per business line, as Table 1
shows.With this structure two independent compa-

nies were set up with the same objectives. Given

their matrix form and given the relationships

between projects, the number of design decisions is

increased [18] as well as tasks involving each stu-

dent. In this way, we are not confined only to a

limited part of a business line, but must contribute

to the progress of all of themandoffer solutions that
are compatible with the other departments, with

which there must also be coordination.
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grafica-metodologias-de-diseno-para-proyectos

Table 1. Company structure in the first experience

BL 1 BL 2 BL 3

Dept. 1 S1–S2 S3–S4 S5–S6
Dept. 2 S7–S8 S9–S10 S11–S12
Dept. 3 S13–S14 S15–S16 S17–S18

BL: Business Line. Dept.:Department. S: Student.



Since the first experience contained a large degree

of innovation within the traditional teaching of

subjects in the School of Aeronautical Engineering,

it was designed for a small number of students (2

companies of 18 students each, as already stated),

with the remaining students enrolled in the subject
(135 students) forming part of the control group to

be used for comparison.

Classes were structured according to a mixed

system:

� Two-hour theory classes shared by all students

due to the need to compare the two methods.

� Two-hour practical cooperative classes in the

CAD lab where group work took place with the

availability of the computer tools needed by

students (CADsoftware, calculation applications

and word processors).

The control group as well as the group following

the innovative experience shared the two weekly

hours of theory classes. However, in the 2 hours of
practical classes, the first group did individual class-

room exercises from each part of the subject, while

the second group did cooperative work in the CAD

lab.

3.2 Development

The sequence in which the work was carried out

followed the portfolio method [19] and methods
used in sector companies such as review control

systems which ensure the traceability of the work

done, always attempting to get as close as possible to

professional development.With this, two objectives

are met:

1. Students learn from their mistakes by re-doing

the parts marked as wrong and letting them

control their progress by documenting their

state of learning in the subject.

2. Students learn the importance of the changes in

engineering design processes and are aware that
a good control of these processes and their

history ensures perfect design traceability.

This is by nomeans a simple process as students

tend to duplicate a lot of information and

eliminate what they wrongly assume to be of

no use.

Worthy of mention is the students’ level of

motivation as well as their initial spontaneous

organisation. From an educational standpoint,

some initiatives were designed to provoke students

to become more motivated.
In order to check the level of initiative and

collaboration [20] in the first sessions, very open

instructions were handed to one of the companies

during the information search stage on similar

components. This situation caused some initial

moments of confusion and indecision but was

quickly resolved by the members of the group with

most leadership who led the rest of the group to a

more active collaboration by sharing the informa-

tion found by each one. This aspect of collaboration

[21] remained deeply ingrained in the organisation
in a quite natural way, and, in general, continued to

the end of the experience. On the other hand, the

second company, quite deliberately, was allowed

access to the information that the first company had

compiled. Despite the instructions being the same,

the absence of the need for and the ease of access to

information led to a lower level of cooperation and

an increase in individualism.
Another of the positive aspects observed is that

students becomemore familiar with the cooperative

design work and application of design criteria that

are close to those found in real working life.

Some of themost outstanding difficulties encoun-

tered by students are:

� Group functioning problems, above all in deci-

sion-making (but not in carrying out the work).

� Difficulty in sharing out the work when given

open instructions.
� Poor management of the documentation gener-

ated, with the existence of numerous formats and

multiple file types. This took up more time and

produced some delays.

Figure 1 shows the share of student work hours

done by the students, distinguishing group or indi-

vidual work as well as the place of work.

An average 112 hours’ work per student was

calculated throughout the 11 teaching weeks that

the experience lasted. This time does not include

exam preparation work or work done in the 3
teaching weeks that did not include the experience.

This means that the total amount of time may be

somewhat more than the credits set for the subject

(4.6 ECTS credits, the equivalent of 115–138 hours

in all). Concerning the distribution of the number of

hours of work, the percentage of hours work in the

CAD lab stands out (many due to the students’ own

initiative) and the percentage of purely group work
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(38%), which, in the traditional methodology did

not exist.

3.3 Evaluating the methodology

3.3.1 Student’s evaluation of the experience

On completion of the project and before setting the

final exam in the subject, the students filled in a

questionnaire (top score of 5.00) which dealt with

aspects of the organisation of the experience and

learning.
The proposed experience was novel for the stu-

dents as they were accustomed to the traditional

methods of lectures and problem solving in the

classroom. For this reason, the analysis of how

they perceived the change in the way of working is

important. The teamwork was found to be interest-

ing and satisfactory (4.17 over 5.00), with close

relationships being forged between students (4.33)
and between students and teachers (4.33). In this

respect, the teamwork stands out as the most

positive point and it was recognised that it was

precisely the innovative experience that enabled it

to develop. Also positively scored was the system

used to feedback information when marking the

work (4.22).

What particularly emerges is that students per-
ceived they had worked more than their fellow-

students who had followed the traditional methods

(4.44), which can be identified as the main negative

aspect as they had to fit in their time with other

subjects. Therefore, when faced with the question

‘‘Doyou think that themark for thework in the final

grade is correct?’’ 36% of students responded that it

was too low.
The global score is fairly satisfactory (4.11), in

spite of the negative points indicated, a conclusion

that is ratified by the fact that 77.8% of the students

would enroll again in the experience if they were at

the start of the course and had the opportunity to

choose.

3.3.2 Comparing the results of the scores

Both the experimental group and the control group
that followed the traditional methodology took the

samefinal exam,which had an identical weighting in

the global mark. In the study of the target results of

the exam two main indicators were considered: the

percentage of students who sat the exam and the

percentage that passed, shown in Fig. 2. In order to

present the situation of subject, firstly the evolution

of these indicators in preceding courses should be
observed. Taking as reference the data from the

2000–01 to 2005–06 courses (Fig. 14), the pass rate is

less than 50% (except in one course 2004–2005) and

below 40% in three courses. The last two courses

saw slightly higher exam attendance rates as a result

of the introduction of some new teaching measures.

In other hand, similar result appears in the course

2011–2012 due that this is the last teaching course

before new graduate and master’s degrees would be

implemented. However, in spite of the improve-

ment, the results continued to be unsatisfactory,
which motivated the authors to develop the first

experience.

For the course 2006–07, the results obtained in

the joint exam are reflected in Fig. 2. In the light of

the data, two important points become clear:

� All the students who followed the project meth-
odology took the exam, which is indicative of a

larger following of the subject on the part of the

students.

� The percentage of student passes in the experi-

mental group is significantly higher than for the

group that followed the traditionalmethodology.

Therefore, it may be stated that the experience
was positive, with a substantial improvement in

results compared to previous years, with a consider-

able difference between the experimental group and

the control group in the two indicators used. As a

nuance to this conclusion, it should be pointed out

that the ‘‘novelty effect’’ tends to improve students’

motivation, and consequently, their results.

Regardless of the difficulties encountered by
students to solve the technical problems arising as

the project moved forward, group organisation, to

which they were not accustomed, emerged as a

particularly critical issue. This clearly reveals the

need to involve other subjects in experiences that

strengthen these general skills.
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The majority of students involved in the project

methodology gave a lot of importance to aspects

thatwent beyond those simply directly related to the

discipline of the subject, such as aspects that boost

communication abilities, relations with fellow-stu-

dents and teachers, leadership, commitment,
responsibility, the ability to share knowledge, etc.

4. Second experience

4.1 Approach

From the point of view of the subject of Graphic

Engineering, which is how the course content is

currently focused, there are no major differences

between the different aeronautical engineering

degrees: Aerodynamic & Structure Design

(A&SD), Engine Systems (E.S) and Materials &

Equipment (M&E). This was designed in this way

to enable amore generic and versatile training in the
design field. This general approach required seeking

problems and projects that were very often remote

from the specific content of eachdegree. This led to a

certain loss of interest on the part of students in

those projects they considered to be irrelevant to

their degree.

The first experience showed that methodology

based on teaching projects in large groups enabled
projects to be developed with a structure that was

common to the three degree courses, with their own

applications that were individual to each group.

The very reasons for validating the implementa-

tion of newmethodologies led to the first experience

being voluntarily applied to a small group of

students. In this second experience, the project

methodologywas extended to all the students study-
ing Graphic Engineering. Relations were estab-

lished among the three degree courses, that is to

say, among the individual and group applications,

involving different students from different degrees

in joint, multidisciplinary projects.

For the total application of this kind of metho-

dology to the subject, two important circumstances

arose:

1. The number of students on the three degree

courses was not homogeneous, although the

proportion in respect of the three courses has

varied very little over the last few years, which is

a positive point (Fig. 3). This total number of

Students taking the exam Students passing the

exam students and the proportions between the

three degree courses directly conditioned the
structure of each work group and therefore, the

number of groups (Fig. 5). Each group would

be structured departmentally according to a

concurrent work methodology directed

towards positive collaboration.

2. Aeronautical projects needed to be found

whose scope would embrace applications con-

nected with the three degree courses, which in

turn could be structured into packets that could

be tackled in more detail. These pieces of work

would be divided sequentially in order to be
able to obtain partial results that would be the

starting point for successive milestones.

Generally speaking, the projects and their struc-

ture were linked to the configuration of the work

groups, which meant seeking projects that could be

divided into parts whose relative proportionswould

fit in with the groups.

These two conditions and the requirement for the

projects to be of an aeronautical nature and be

attractive to the students [22], gave rise to the
creation of 16 companies charged with developing

a UAV (Unmanned Air Vehicle), Fig. 4.

4.2 Development

The first stage of the work consisted in establishing

the groups (companies) and the responsibilities

(roles) of the members of the work groups.
Although several authors propose different meth-

ods [23, 24], this stage was organised deliberately by

the students, who had no problems at all in forming

the local groups, that is, the groups of students

studying the same course (departments). However,

therewas a certain difficulty in forming the complete

work group (company) in joining the two groups

necessary from the other courses.
In order to complete the formation of the group

structures (Fig. 5), each engineering degree chose a

Team Leader. This choice was open to readjust-

ment if the duties were not carried out so as to

systematise the distribution of tasks, by tutoring

the students in the different ways and frequencies of

holding external meetings. The purpose of these

meetings was to encourage students to become
quickly integrated and set up convenient channels

of communication: full group, department, Team

Leader meetings, etc.
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Classes were structured, into two one-hour ses-

sions that were devoted to class presentations and
discussion, and a single two-hour session that was

devoted to cooperative work. Therefore, class-

rooms were prepared for the cooperative work

where the work groups, structured into depart-

ments, met and shared the work they had done,

while all the teachers (at least two) answered any

queries raised by the students (Fig. 6).

It was decided not to do cooperativework at a full

group level as the large number of students would

make direct communication between the students in

each group very difficult. However, it was very

important to hold at least three tutorials with all

the members of each company to deal with social

and academic issues arising from the group’s work-

ing together.

To ensure the smooth running of the work, apart
from cooperative work rooms, the students of the

different companies were allowed free access to the

CAD lab at times other than those planned for the

cooperative work classes. This created a permanent

work space, as if it were the company’s design

department, to encourage group work. Moreover,

it became a meeting point for developing their own

initiatives (meetings, document searches, computer
access, etc.).

Having structured and organised the work

groups, the work development stages were planned.

These would have to be sequenced so that the

project would move forward in parallel to the class-

room theory classes. Students needed to have the

timetable for handing in, presenting and assessing

the work:

� Handing in work assessed individually and as a

group.

� Classroom presentation sessions of the work

done.

� Work done in the graphics room.

All the assessment procedures were combined

with tutorials to find out the main problems and

then correct the group actions.

4.3 Evaluating the methodology

When the project had been completed but before

taking the final exam, the students involved in the

experience has to respond to a questionnaire that

had been designed to obtain data that would objec-

tively assess the work done.
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Fig. 6. Cooperative work session in the CAD lab.



The students were of the opinion that the experi-

ence had been quite interesting as it had focused on

an aeronautical problem that was closely connected

with their studies and vocationally relevant (Fig. 7).

In spite of the work done being perceived as
satisfactory on the whole, the workload demanded

was thought to be very high compared to traditional

methods. In addition, the exampreparation was not

perceived to be better than if the latter had been

followed. From this, it may be deduced that the

experience was a leap in methodology to which they

were not accustomed. These two issues make stu-

dents feel disinclined to opt for this new methodol-
ogy.

The main problems arise from how the group

functions regarding coordination and planning,

since, as a group, students have clear difficulties in

handling situations that they are not used to (Fig. 8).

On the other hand, since the work was of an open

nature and attempts to simulate design real design

problems, additional problems arose, as the usual
educational practice is to solve problems with a

closed solution.

The skills assessment (Fig. 9) shows no significant

differences, since, on average, students scored the

level of achievement of all skills between 3 and 4 (out

of 5 points), with a few exceptions.What stands out

is the low score for the skills ‘‘for motivating

a group’’ and for ‘‘leadership’’. However, the
‘‘decision-making’’, ‘‘organising and planning’’

and ‘‘responsibility’’ skills receive the highest

scores in spite of the planning and coordination

problems detected in the group.

As a general opinion, one of the aspects worth

highlightingwas being able toworkonaproject that

was similar to what really happens, which enabled

the students to become involved in group dynamics
and see the difficulties that arise. Also pointed out as

positive aspects were the oral presentation of their

work, information searches and learning the com-

puter design applications used in the sector.

One of the negative aspects made clear is the

excessive workload (Fig. 10) as well as the lack of

definition and lack of clear guidance concerning the

project’s goals, which required a considerable effort.
This led to the work done being regarded as an

insufficient reward as the commonly shared percep-

tion was that they were not better prepared for the

final exam.

The points that were mostly raised when putting

forward solutions to improve the experience in

coming years were:

� To decrease the workload.

� The number of group members.

� To focus work on more specific goals.

� An assessment method through monitoring

group progress.

� Either to consider abolishing the final exam or re-

focus it onmore specific aspects of the experience.

4.4 Conclusions

The most positive aspects arising from the experi-

ence are:

1. The nature of group work and sequencing tasks

means that the students becomemore andmore

involved in carrying out the project. This,
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indirectly, leads the students to take the final

exam, which, in turn, means that the number of

students who fail to take the exam is zero.

2. There is a rise in the number of students who

pass (reaching figures of around 90%) as the

work assessments are based on four pieces of

work to be handed in plus the final exam (Fig.
11).

The most outstanding difficulties found were:

1. In spite of the initial internal organisation of the

team, the everyday work gave rise to some
problems of group functioning, particularly

regarding decision-making (but not in carrying

out the work). This, as was the case in the first

experience, is probably due to the students’ lack

of habit of groupwork. This is a point thatmust

be strengthened as a transversal skill involving
various subjects.

2. The students find it difficult to share out the

workwhen open instructions are given. This is a

result of the closed approach that has been

usually adopted for problems from pre-univer-

sity education and which continues at Univer-

sity.

It is essential to measure student work time by

taking a definition of the teaching based on ECTS

credits.Althoughwork inside the classroom is easily

quantifiable, work outside the classroom (indivi-
dual or group) is not easy for the teacher tomeasure

and needs adjusting throughout the course in line

with accumulated experience (Fig. 12).

Having completed and analysed the two experi-
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Fig. 9.Evaluationof instrumental skills, interpersonal skills and systematic skills in the second experience in a
range of 1 (total disagreement)–5 (total agreement).

Fig. 10. Proportion of students in each specialisation that stated
that the amount of work was higher in the PBL model. A&SD:
Aerodynamic & Structure Design, ES: Engine Systems, M&E:
Materials & Equipment.

Fig. 11. Final results.



ences, the team of teachers decided to commit
themselves to extending the experience to the fol-

lowing courses (2008–09 and 2009–10), since they

were aware that the new graduate and master’s

degrees would be implemented in the 2010–11

course. These new degrees constitute a new action

framework, which, although predictable, condi-

tions and modifies the PBL model, as the boundary

conditions of the students going on to take the
subject are different as well as their level of knowl-

edge.

5. Discussions

Regarding the application of the method to subse-

quent courses, the following need to be pointed out:

� Without any doubt, the number of students is one

of the main problems of the method, particularly

when it comes to attending to, monitoring and

tutoring the work groups. The number of parti-

cipants set (between 12 and 18 students) for each

group does not have a direct bearing on the
problem. The first experience made it clear that

it was the excessive number of groups that

reduced the quality of the experience. That is

the limited time the teacher has to help the

groups has a direct bearing on students’ expecta-

tions (responses 10, 11 and 12, Fig. 8).

� The second problem that arose in the two experi-

ences and in successive years when the method
was applied is the students’ impression that there

is too much work to do (Fig. 2 and response 2,

Fig. 8 and Fig. 13) as well as the generalised

feeling of not being prepared for the final exam.

� A third interesting point appears to be linked to

the fact that itwaswished to increase the students’

instrumental, systemic and personal skills. This

had a negative impact on the consolidation of the
most general knowledge in the subject.

� Finally, Fig. 14 shows the evolution of students

taking the examvs. passes per course from2000 to

2012.

6. Conclusions

One positive aspect is the initial attraction of this

methodology, especially in the last final years of the

course. This leads the students to become more

involved in the subject, thereby reducing the drop-
out rate.

From the point of view of the objective of passing

the subject, PBL methodology clearly improves the

end result by achieving higher pass rates.

Finally, it is important to sit back and reflect in

order to avoid an abusive use of this type of

methodology. The authors have proved in practice

that the subjects included in the same training
period need to be coordinated when this method is

used. Applying PBL techniques to every subject in

isolation clearly overwhelms students’ capabilities

and makes it impossible to meet the aims of the

method.
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